Transport of preproteins into the mitochondrial matrix requires the presequence translocase of the inner membrane (TIM23 complex) and the presequence translocaseassociated motor (PAM). The motor consists of five essential subunits, the mitochondrial heat shock protein 70 (mtHsp70) and four cochaperones: the nucleotide exchange-factor Mge1, the translocase-associated fulcrum Tim44, the J-protein Pam18, 
INTRODUCTION
Mitochondria import hundreds of different precursor proteins that are synthesized in the cytosol (1) (2) (3) (4) (5) (6) . A large class of precursor proteins carry amino-terminal cleavable targeting signals (presequences) that direct these preproteins across both mitochondrial membranes into the matrix. The preproteins are recognized by receptors of the translocase of the outer membrane and transported across the outer membrane by the general import pore. After traversing the intermembrane space, the preproteins are recognized by the presequence translocase of the inner membrane (TIM23 complex) 1 .
The presequence translocase forms a voltage-activated translocation channel across the inner membrane, through which the loosely folded precursor polypeptides pass (7) . The membrane potential across the inner membrane, however, only promotes the translocation of the positively charged amino-terminal presequences across the inner membrane.
The import of the major portion of the precursor polypeptide chain into the matrix requires the function of the presequence translocase-associated motor (PAM) (8) (9) (10) (11) . The core of the PAM complex is formed by the mitochondrial heat shock protein of 70 kDa (mtHsp70, also termed Ssc1 in yeast). MtHsp70 drives the translocation and the unfolding of the preprotein by an ATP-dependent reaction (12, 13) . Recent studies 4 family, so called J-proteins, which stimulate the ATPase activity of Hsp70 (21-24). Three mitochondrial J-proteins have been known for several years, Mdj1, Mdj2 and Jac1 (25-27). However, none of them plays a role in driving preprotein translocation via the PAM machinery. Recently, an inner membrane-bound J-protein termed Pam18 (Tim14) was identified as a component of the PAM complex that plays an essential role in preprotein translocation (28) (29) (30) . Surprisingly, a further J-related protein, Pam16
(Tim16) was subsequently found and shown to be an additional essential subunit of the PAM complex (31,32).
A functional characterization of Pam18 and Pam16 in organello revealed many similarities. Both cochaperones were required for protein translocation into the mitochondrial matrix, but not for protein insertion into the inner membrane (28-32). Import and coimmunoprecipitation reactions -Radiolabeled preproteins were generated by in vitro transcription/translation and imported into isolated mitochondria essentially as described previously (38) . Import reactions were performed after a heattreatment at 37°C for 15 min to induce non-permissive conditions. Import was stopped by addition of 1 µM valinomycin and treatment with 75 µg/ml proteinase K. Cells were lysed in lysis buffer (10 mM Tris/HCl, pH 7.5, 100 mM NaCl, 0.1% Triton X-100, 1 mM PMSF) and mtHsp70-bound proteins were recovered by co-immunoprecipitation as described (16) . Translocation intermediates were generated by a pre-incubation of radiolabeled preproteins with 4 µM methotrexate to stabilize the conformation of a carboxy-terminal dihydrofolate reductase (DHFR) domain (39) . Coimmunoprecipitation experiments for interaction of the intermediates with mtHsp70
were performed as described above except that mitochondria were not treated with proteinase K. Tim23 ProtA was expressed in wild-type (YPH499) and pam16-1 (YPH-BGmia1-1) cells from the plasmid pPR91. The isolation of TIM23 translocase complexes via a protein A-tagged Tim23 was performed as described previously (31). 
RESULTS

Pam16 inhibits the
Inclusion of the HPD-motif in Pam16 does not alter its interaction with and inhibition of
Pam18 -The strongly conserved HPD sequence motif in the center of a J-domain (33) that is required for the interaction with Hsp70 and the stimulation of the ATPase activity is missing in Pam16. We asked if the generation of an HPD-motif could convert Pam16 to a protein with an activity similar to other proteins of the DnaJ-family, i.e. a stimulatory effect on the ATPase activity of mtHsp70. Since the three characteristic α-helices and their spacing are well conserved between Pam16 and Pam18 (31,32), we replaced the three amino acids DKE (Asp, Lys, Glu) of Pam16 by HPD at the position corresponding to the HPD-motif of Pam18 (Fig. 3A) . Pam16 S -HPD with an aminoterminal His-tag was expressed in E. coli cells and purified to homogeneity (Fig. 3B ).
We first analyzed if Pam16 S -HPD was still able to form the characteristic protein complex with Pam18. Purified Pam16 S -HPD was immobilized on a Ni-NTA agarose column and incubated with the purified J-domain of Pam18 (fusion protein with glutathione-S-transferase (GST)) (28). Pam18 J efficiently bound to Pam16 S -HPD (Fig. 3C , lane 9), whereas GST alone was only present in the unbound fraction (Fig. 3C, lane 6 ).
For comparison, Pam16 S immobilized on Ni-NTA agarose bound Pam18 J with similar efficiency (Fig. 3C, lane 7) . We conclude that Pam16 with an HPD-motif is still able to interact efficiently with the J-domain of Pam18.
To analyze a possible J-protein-like function of Pam16 with an HPD-motif, we determined the ATPase activity of mtHsp70. However, Pam16 S -HPD was not able to stimulate the ATPase activity of mtHsp70 (Fig. 4A) . To exclude the possibility that Pam16 S -HPD may be an inactive protein, we asked if it displayed a similar activity as (Fig. 5A, row 3) . Expression of Pam16-HPD fully restored cell growth despite the depletion of wild-type Pam16 (Fig. 5A, row 4) , suggesting that Pam16-HPD is functional in vivo.
Under the depletion conditions, small amounts of the wild-type protein are still present and may sustain cell viability when Pam16-HPD is co-expressed. To determine if Pam16-HPD could fully substitute for wild-type Pam16, we generated a yeast strain lacking the PAM16 gene and sustained its viability by expression of Pam16 from a plasmid (Fig. 5B, right panel) . By plasmid shuffling, the Pam16-plasmid was replaced by a plasmid expressing Pam16-HPD. The resulting strain showed the same growth behavior as a yeast strain expressing wild-type Pam16 (Fig. 5B, left panel) , demonstrating that Pam16-HPD fully replaces the function of Pam16 in vivo.
We then asked if Pam16-HPD was able to replace Pam18 in vivo. We generated a yeast strain lacking the PAM18 gene and expressed Pam18 from a plasmid (Fig. 5C , After completion of the translocation reaction into the matrix, mitochondria were lysed and a co-immunoprecipitation was performed with antibodies directed against mtHsp70. While in wild-type mitochondria only a low amount of proteins remained bound to mtHsp70, pam16-1 mitochondria showed a significantly increased amount of Su9-DHFR bound to mtHsp70 (Fig. 6A) . Although less preprotein could be imported into pam16-1 mitochondria, the imported protein interacted much more efficiently with mtHsp70 in the matrix (Fig. 6A, quantification) . 
